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Biotechnology is the use of biology as the tool and process to create products.  It is both 
very old and very new at the same time. Biotechnology applications date back to 1800 B. 
C., when people began using yeast to leaven bread and ferment wine (IFT, 1999). With 
recent technology, science has moved biotechnology into a new arena. Genetically 
modified organisms (GMO) technology allows for effective and efficient transfer of 
genetic material from one organism to another (IFT, 1999). Because of the scale and 
impact of its probable effects, and the ability to manipulate the genetic code heritability, 
GMO technology comes close to altering the core elements of life (Atkinson, 1998). 
 
GMO technology could play a critical role in developing a sustainable agriculture in our 
world by minimizing use of natural resources, reducing environmental impacts and 
protecting the earth￿s productive capacity for future generations (Larson, 1999). GMO 
technology offers increased biological resistance to ever-present pests and diseases, 
thereby reducing the need for chemical pesticides, decreasing the risk of crop failure, and 
increasing yields. It improves plants adaptability to harsh growing conditions such as 
drought, saline soils, and temperature extremes and tolerance to environmentally safe 
herbicides that discourage weeds but leave the desired plant unaffected. In addition, GMO 
technology brings desirable functional characteristics such as faster ripening, increased 
starch content, longer shelf life or better flavor and color, and desirable nutritional 
characteristics such as altered protein or fat content and increased phytochemical or 
nutrient content (NABC, 2000). GMO had been applied on livestock breeding, microbial 
production of substances used in food processing and human medicines as well as   2
numerous pharmaceutical applications including the mass production of pure human 
insulin for diabetes management (Hodgson, 2000). 
 
Another important contribution of GMO technology is to satisfy the global need for 
increased food production, driven by the still growing population. The world￿s current 
population is approaching 6.2 billion people (U.S. Census Bureau, 2002). Out of those 
number, about 1 million of them are chronically under-nourished.  Global population is 
estimated to grow a minimum of 2 billion in the next 25 years.  At the same time land and 
water resources, biodiversity, and the ecology continue to be depleted.  In order to feed the 
growing population, a solution to grow more food on less land needs to be put in place.  
GMO technology may provide a solution to this dilemma. 
 
Given the rapid rates of technological improvements possible using modern biotechnology, 
the product life cycle of new genetically modified organisms (GMO) is likely to be short 
and, hence, those investing in their development will desire access to the widest possible 
international market. However, new technologies like GMO will be subjected to intense 
public scrutiny. Therefore, consumer perception and technological understanding are very 
important to GMO developers, government and GMO-using firms who are near the 




Recent polls and studies show that GMO have a notoriously bad reputation in Europe (Marris, 
2001). A poll sponsored by CSA TMO in 1999 found that 24 percent of French people were 
against GMOs, and were highly mistrustful about information provided on the packaging of 
foods containing GMOs. They said that the cultivation of GMO foods should be forbidden in 
France, represented an ecological risk and could have serious health risks. Another 32 percent 
were worried and mistrustful about information concerning GMOs, and recommended waiting 
for more information about their impact before using them. Relatively speaking, Americans 
have shown little of mass rejection of genetically modified (GM) foods seen in Europe (May, 
et al., 2001). Results of recent studies by The Wirthlin Worldwide survey indicate that about 
62 percent of Americans would likely buy produce that is biotechnology-enhanced to taste   3
better or fresher. If biotechnology were used to protect produce from insect damage resulting 
in fewer pesticide applications, about 77 percent said that they would likely buy the 
biotechnology-enhanced produce. Interestingly, over half (57 percent) said that biotechnology-
enhanced cooking oil with reduced saturated fat would have a positive effect on them. 
 
It is important to provide consumers and the public with objective information based on 
scientific evidence about genetically modified organisms (GMO) to help them make 
informed choices.  The public needs to recognize the benefits, future promises, and trade-
offs that GMOs provide. According to consumer psychology, there are two general ways 
or routes￿central and peripheral￿in which attitudes are formed (Petty & Cacioppo, 
1981). When people are motivated to understand an issue and have the ability and 
opportunity to do so, their attitudes will form through a central route. When they are not 
motivated, lack the technical or cognitive ability to understand or the opportunity to think 
about it, any message will be peripherally processed. In this framework, a person￿s values, 
beliefs, and information processing style all contribute to how he or she understands the 
benefits and risks of the biotechnology process and of specific biotechnology foods 
(Frewer, Howard, & Shepherd, 1998). These factors, in turn, combine to form a person￿s 
attitude toward biotechnology. 
 
In the case of Hawaii, its diverse population is quite different from US mainland and other 
regions. Therefore, results from a Hawaii study could be quite different than those done on 
the US mainland. It is necessary to analyze the sociodemographic determinants that 
influence public opinion toward GMO technology, and to understand how the different 
attitudes are influenced by ethnicity. At present, there is a dearth of information on 
consumer attitude toward GMO technology in Hawaii. 
 
The objective of the study is to identify and characterize Hawaii residents￿ perception 
toward genetically modified organisms and the use of GMO technology to enhance 
productivity and sustainability of crops.  This study will aid in assessing public acceptance 
and areas where the College of Tropical Agricultural and Human Resources, University of 
Hawaii can provide information and education for better decision-making.     4
Survey Instrument and Administration 
 
Two survey instruments were used to collect the data needed for this study.  Phase I was a 
qualitative study using focus groups.  The focus group purpose is to assess opinions and 
attitudes of Hawaii residents toward issues related to agriculture, environment, food, 
nutrition, community, economic development, and GMO. Phase II was a quantitative study 
using telephone interviews based on the important issues identified by the focus groups 
exercises in Phase I.  The appendix lists the relevant questions from the phase II survey. 
 
A total of 676 successful telephone interviews were conducted from September 24, 2001 to 
October 1, 2001 by QMark Research and Polling using a random telephone dialing system.  
QMark￿s custom system reached unlisted and unpublished numbers as well as those listed 
in the telephone directories to capture a cross-section of residents statewide.  All 
respondents were screened to ensure they were Hawaii residents and gave consent to 
participate in the study.  
 
Out of the 676 interviews, 378 interviews were with Honolulu County residents and the 
rest were from Hawaii, Maui, and Kauai Counties.  The sample size ensures a reliability of 
approximately + 3.7 percent at the 95 percent level of confidence.  A total sample for the 





The average age of all respondents is 43.7 years old.  A third (32%) of all respondents 
were Caucasian, a quarter (23%) Hawaiian/Part-Hawaiian, a fifth (18%) Japanese and a 
quarter (27%) others.  85% of respondents had lived in Hawaii for more than 10 years.  
The majority of respondents (89%) were working adults.  Forty-six percent of respondents 
were from households with children under the age of 18.  The average education was 14.6 
years. A quarter (26%) of respondents had household income between $25,000 and 
$50,000, and another quarter (23%) between $50,000 and $75,000.     5
Survey Result Discussion 
 
Respondents were asked about their awareness and attitudes toward the term genetically 
modified organism or GMO.  When asked if they had heard of the term GMO prior to the 
survey, roughly half (51%) responded positively.  Respondents were also asked what the 
term meant to them. Only half could identify the term with genetic modification. (See 
Table 1) 
 
Table 1: Responses to the term ￿GMO￿   
Top Responses
a  Overall 
Work with genes in plants and animals/DNA  50% 
Not a natural process  18 
Clones/cloning 13 
Bad for you/negative comment  12 
Increase nutritional value    9 
Increase size or productivity     9 
a.  Multiple responses allowed by respondents (QMark report, 2001) 
  
Respondents were read a list of attributes commonly associated with GMO technology and 
asked to rate them using a 10-point rating scale, with 1 being very favorable and 10 very 
unfavorable.   
 
Their responses are summarized in Table 2. For 8 of 12 attributes, more than half of the 
respondents strongly favored using GMOs to modify the attributes. However, at least 15% 
of the respondents gave an unfavorable rating regardless of the attributes except when use 
to clean the environment. Respondents most strongly favored using GMO technology for 
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Previous research shows that the public needs to recognize the benefits, future promises, 
and trade-offs that GMO provide. Based on this, we tested the hypothesis that favorability 
ratings differ based on the nature of GMO benefits. 
 







  Strongly 
Unfavorable
 
1. Nutrition  60.4%  24.4%  8.4%  6.9% 
2. Yield/Quantity  52.4  29.7  9.5  8.4 
3. Quality/Taste  51.4  30.9  9.0  8.8 
4. Shelf-life  50.1  28.2  12.2  9.5 
5. Disease resistant  61.9  22.1  8.0  8.0 
6. Pharmaceuticals  51.2  28.4  10.9  9.5 
7. Environment  66.7  19.8  6.3  7.2 
8. Food cost  66.7  18.1  7.4  7.8 
9. Flower attributes  40.2  26.9  22.9  10.1 
10. On plants  35.2  33.5  19.2  12.0 
11. On animals  30.1  27.8  21.9  20.2 
12. On microorganisms  38.1  27.4  20.6  13.9 
a.  Attitude rating on 1-10 (favorable ￿ unfavorable) scale where strongly favorable =1-2, 
favorable = 3-5, unfavorable = 6-8, strongly unfavorable = 9-10. 
 
The Friedman test is a nonparametric rank alternative to a two-way (randomized block) 
analysis of variance. It tests the null hypothesis that k related variables come from the same 
population. For each observation, the k variables are ranked from 1 to k. In this specific 
case, k equals 12.  The chi-square statistic tests the null hypothesis that the ranks of the 
attributes are not different from their expected value. In this survey, the χ
2 value (938.29) 
was significant at 5% indicating differences among the distributions of public opinion on 
GMO attributes. 
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The Wilcoxon signed-rank method tests the difference between any two variables. The 
results (see Table 3) identified four different groupings of the 12 attributes. The first group 
includes attribute 7, 8, 1 and 5 which are traditional food and environment benefits directly 
related to the consumer. The second group includes attribute 2, 3, 6 and 4 which usually 
benefit the producers or farmers, or are more intangible consumer benefits. The third group 
includes attribute 9, 12, 10 which have no clear benefits for the consumers. The fourth 
group is attribute 11 which is distinguished in particular animal genetic modification 
without clear benefits.  
 
 Table 3. Nonparametric Rank Comparisons on GMO Attitude Ratings  
Attributes Mean  Rank
a  Grouping by Median
b 
7. Environment  5.08  #1  a 
8. Food cost  5.15  #1  a, b 
1 Nutrition  5.51  #1  b, c 
5. Disease resistant  5.52  #1  c 
2. Yield/Quantity   6.08  #2  d 
3. Quality/Taste  6.22  #2  d, e 
6. Pharmaceutical products  6.34  #2  e, f 
4. Shelf-life  6.56  #2  f 
9. Flower attributes   7.55  #3  g 
12. On microorganisms  7.61  #3  g 
10. On plants  7.81  #3  g 
11. On animals  8.56  #4  h 
a Friedman rank sum test for differences in location of attitude distributions significant at 1% 
b Wilcoxon paired signed-rank test for difference in medians. Medians with same letter are not 
significantly different at 5% significance. Numbers (#) denote mutually exclusive groupings. 
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To investigate the effects of sociodemographic factors on GMO opinions, we uses cross 
tabulations and chi-square test to analyze association between categorical variables.  (See 
Table 4) 
 
Most significant associations were gender and county of residence. Male respondents were 
more favorable towards GMOs, particularly to increase yield and improve food quality or 
taste. Honolulu residents showed greater favor toward GMO applications for nutrition, 
longer shelf life, disease resistance and producing pharmaceuticals products. Maui 
residents are significantly less favorable toward GMOs applications on increasing yield, 
cleaning the environment, improving flower attributes, apply it on animals and 
microorganisms, when compared to other islands.  
 
Table 4. Chi-Square Tests for Association of Sociodemographic Variables with GMO Attitudes  
Attributes  Heard of GMO  Age  Education  Ethnic  Income  Gender  Island 
1.  Nutrition  0.54  0.30 0.45  0.26 0.31 0.07*  0.00
+ 
2.  Yield/Quantity  0.75  0.19 0.66  0.56 0.38 0.02**  0.02** 
3.  Quality/Taste  0.52  0.04** 0.26  0.05** 0.79  0.02** 0.10* 
4. Shelf-life  0.00
+  0.00
+  0.57 0.13  0.42  0.00
+  0.02** 
5. Disease resistant  0.03**  0.33  0.28  0.03**  0.58  0.00
+  0.00
+ 
6. Pharmaceuticals  0.31  0.04**  0.55  0.32  0.10  0.00
+  0.00
+ 
7.  Environment  0.24  0.20 0.03**  0.22 0.12 0.05**  0.00
+ 
8. Food cost  0.28  0.54  0.02**  0.05**  0.02**  0.00
+  0.12 
9. Flower attributes  0.11  0.31  0.06*  0.00
+  0.05** 0.00
+  0.00
+ 
10. On plants  0.67  0.09  0.04**  0.47  0.75  0.00
+  0.05** 
11. On animals  0.00
+  0.01** 0.00
+  0.06* 0.53  0.03**  0.05** 
12. On microorganisms  0.31  0.00
+  0.40  0.03** 0.21  0.03** 0.00
+ 
*Indicates significance at 10% 
**Indicate significance at 5% 
+ Indicate significance at 1%   9
Age, education and ethnic background significantly influenced the attitude of respondents 
toward some of GMO attributes. The respondents who were older (above 64) were more 
favorable toward the attributes of improving quality or tastes, longer shelf life, producing 
pharmaceutical products and application on microorganism. The respondents who were in 
the middle age range (36-45) disfavored toward those attributes. The lower educated 
respondents are more favorable toward the attributes of cleaning the environment and 
lowering the cost of food. For the attributes of application on plants and animals, the 
respondents who had high school education are statistically more favorable, while 13-15-
year-educated respondents are less favorable. Compared with Caucasians, Hawaiian people 
are more favorable toward the applications of disease-resistance, lowering the cost of food 
and application on microorganisms. The fewest significant associations were whether a 




This study provided information on Hawaii residents￿ opinion on using GMO technology 
for producing agricultural products and processes. Over half of the respondents are 
strongly favorable of using GMO technology to increase nutritional value, increase yield or 
quantity, improve quality or taste, longer shelf-life, disease-resistant, produce 
pharmaceutical products, clean the environment and lower the cost of food. But more than 
30% of the respondents disfavored GMOs for improving flower attributes or on plants, 
animals and microorganisms.  
 
Four groups of benefits and process were found to be distinctively different in terms of 
rating preferences and indifference among the groups. The first group which is traditional 
food and environment benefits direct related to the consumer is most favored by the 
respondents. The second group which benefit the producers or farmers, or are more 
intangible consumer benefits is favored. The third group which has no clear benefits for the 
consumers is less favored. The fourth group is relatively less favorable by the respondents 
to use GMO technology on animals.  
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Finally, the following sociodemographic variables play a significant difference in the 
preference of using GMO technology on producing agricultural products and process. 
Most significant associations were gender and island of residence. Age, education and 
ethnic background significantly also influenced the attitude of respondents toward some of 
the GMO attributes. While the fewest significant associations were whether a respondent 
heard of GMO and their income level. 
 
 
Appendix: Excerpt from Qmark Questionnaire 
GMO Questions 
13.  Have you heard of the term GMO or genetically modified organism? 
1 = yes  2 = no 
14.  When you hear the term genetically modified organism or GMO, what comes to 
mind? What does it mean? (Multiple answers acceptable) 
We define genetically-modified food as those produced from plants and animals which 
have had their genes changed in the laboratory by scientists.  All living organisms have 
genes written in their DNA.  They are instructions for building and maintaining life.  By 
modifying the genes scientists can alter the characteristics of an organism. 
15.  Now I￿m going to read you a list of attributes about genetically modified 
organisms or GMO. For each one, please tell me if you think it is a favorable or 
unfavorable attribute to you. Use a scale of 1 to 10, with 10 being very 
favorable and 1 being very unfavorable. How would you rate (the following 
items)? 
•  Increase Nutritional value 
•  Increase yield/quantity 
•  Improve/enhance quality/taste 
•  Longer shelf-life 
•  Disease-resistant 
•  Produce pharmaceutical products 
•  Clean the environment 
•  Lower the cost of food 
•  Improve flower attributes such as color, odor   11
•  Application on plants 
•  Application on animals 
•  Application on microorganisms (e.g. bacteria) 
 
Sociodemographic Questions 
19.  What was your age on your last birthday? 
20.  What is the total number of years of education you obtained? (years of formal 
education from elementary school) 
22.  How many children 18 years of age or younger do you have living at home? 
24.       What is your ethnic identification? (If more than one, which do you identify the      
            most?) 
      1 = Caucasian    2 = Japanese    3 = Chinese 
      4 = Filipino     5 = Hawaiian/Part-Hawaiian   
       6 = African-American  7 = Other    8 = Mixed 
25.      What was your total annual household income from all sources, before taxes, in 
2000? 
    1 = Less than $25,000      2 = $25,000 but less than $50,000 
    3 = $50,000 but less than $75,000   4 = $75,000 but less than $100,000 
    5 = $100,000 and over      9 = DK/REFUSED 
26.      Gender  1 = male    2 = female 
   12
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